These Yukawa corrections could be significant for charged Higgs boson discovery searches based on this production process, particularly at the LHC where the cross section is relatively large
Introduction
There has been a great deal of interest in the charged Higgs bosons appearing in the two-Higgs-doublet models(THDM) [1] , particularly the minimal supersymmetric standard model(MSSM) [2] , which predicts the existence of three neutral and two dominate production processes at the LHC are gg → tt and→ tt followed by the decay sequence t → bH ± → bτ ± ν τ [6] . For a heavier charged Higgs boson the dominate production process is gb → tH − [7, 8, 9] . Previous studies showed that the search for heavy charged Higgs bosons with m H + > m t + m b at a hadron collider is seriously complicated by QCD backgrounds due to processes such as gb → ttb, gb → ttb, and gg → ttbb, as well as others process [8] . However, recent analyses [10, 11] indicate that the decay mode H + → τ + ν provides an excellent signature for a heavy charged
Higgs boson in searches at the LHC. The discovery region for H ± is far greater than had been thought for a large range of the (m H ± , tan β) parameter space, extending beyond m H ± ∼ 1T eV and down to at least tan β ∼ 3, and potentially to tan β ∼ 1.5, assuming the latest results for the SM parameters and parton distribution functions as well as using kinematic selection techniques and the tau polarization analysis [11] .
The one-loop radiative corrections to H − t associated production have not been calculated, although this production process has been studied extensively at treelevel [7, 8, 9] . In this paper we present the calculations of the Yukawa corrections to this associated H − t production process at both the Fermilab Tevatron and the LHC in the THDM. These corrections arise from the virtual effects of the third family(top and bottom) quarks, the charged and neutral Higgs bosons, as well as the Goldstone bosons. The one-loop QCD corrections are probably more important, but are also more difficult to calculate, and we will present these calculations in a future publication [12] .
Calculations
The tree-level amplitude for gb → tH − is
where
0 represent the amplitudes arising from diagrams in Fig.1(a) and Fig.1(b) , respectively. Explicitly,
and
where T a are the SU(3) color matrices andŝ andt are the subprocess Mandelstam variables defined byŝ
Here the Cabbibo-Kobayashi-Maskawa matrix element V CKM [bt] has been taken to be unity. regulate all the ultraviolet divergences in the virtual loop corrections using the onmass-shell renormalization scheme [13] , in which the fine-structure constant α ew and physical masses are chosen to be the renormalized parameters, and finite parts of the conterterms are fixed by the renormalization conditions. The coupling constant g is related to the input parameters e, m W , and m Z by g 2 = e 2 /s 2 w and s
Z . The paramerter β in the THDM we are considering must also be renormalized. Following the analysis of ref. [14] , this renormalization constant was fixed by the requirement that the on-mass-shell H +l ν l coupling remains of the same form as in Eq.(2) of ref. [14] to all orders of perturbation theory. Taking into account the O(α ew m
Yukawa corrections, the renormalized amplitude for the process gb → tH − can be written as
, and δM b(t) represent the corrections to the tree diagrams arising, respectively, from the gbb vertex di- 
The total hadronic cross section for pp → gb → tH − can be obtained by folding the subprocess cross sectionσ with the parton luminosity:
Here √ s and √ŝ are the CM energies of the pp and gb states , respectively, and dL/dz is the parton luminosity, defined as
where f q/P (x, µ) and f g/P (z 2 /x, µ) are the quark and gluon parton distribution functions.
Numerical results and conclusion
In the following we present some numerical results for charged Higgs boson production in association with a top quark at both the Tevatron and the LHC. In For low tan β the top quark contribution is enhanced while for high tan β the bottom quark contribution becomes large. These results agree with ref. [8, 9] and, it should be noted, are larger than the W ± H ± associated production cross section at the LHC [4] . 
Appendix A
The coefficients C l and form factors f l i are the following:
(i,j) ),
Here the sums over (i, j) run over (
and U is a transformation defined by
and D 0 , D ij , D ijk are the four-point Feynman integrals [16] . All other form factors f l i not listed above vanish. In the above expressions we have used the following definitions:
(1)
A 0 = tan 2 β, ξ
2 )(2m Here C 0 , C ij are the three-point Feynman integrals [16] and C 24 ≡ − 
